Hurricane Sandy (2012), the second most destructive hurricane the United States Northeastern region has encountered since the great storm of 1938, slammed the New York/New Jersey states, leaving behind a path of unprecedented level of devastation and destruction. The mere fact that Hurricane Sandy occurred late in the 2012 hurricane season but with such a destructive power and took a seemingly unusual path has reignited across the scientific as well as political arena the debate on the climate change/global warming and its possible impact on tropical cyclones. While climate change does not seem to be directly responsible for any single storm, it, however, can make tropical cyclones worse in a warmer climate than they otherwise would have been. Therefore, the anticipated tropical cyclone hazard level in a future projected climate becomes essential in order for governments and citizens around the world to implement adequate policies and disaster prevention plans to make coastal urban communities resilient to tropical cyclones. In this paper, Hurricane Sandy is reviewed in the historical context using US National Hurricane Center best track data. Future changes of tropical cyclone worldwide activity under a warmer climate projected using Atmospheric Global Climate Models (AGCM) are reviewed in terms of tropical cyclone frequency, intensity, and tracks. However, the uncertainty associated AGCM model projections remains high.
Introduction
Hurricane Sandy (2012) is the second most destructive hurricane the United States Northeastern region has encountered since the great storm of 1938, slammed the New York/New Jersey states, leaving behind a path of unprecedented level of devastation and destruction. The mere fact that Hurricane Sandy occurred late in a hurricane season with such a destructive power and took a seemingly unusual path has reignited across the scientific as well as political arena the debate on the climate change/global warming (climate change hereafter) and its possible impact on tropical cyclones. While climate change cannot be held directly responsible for any single storm, it, however, can make tropical cyclones worse in a warmer climate than they otherwise would have been. Therefore, the anticipated tropical cyclone hazard level in a projected warmer climate in to the future becomes essential in order for governments and citizens around the world to implement adequate policies and disaster prevention plans to make urban communities resilient to tropical cyclone. Assessment and quantification of the climate change impact on tropical cyclone activity worldwide has been consistently improving in the past decades with advent of computers of ever increasing computation power.
In this paper, Hurricane Sandy is reviewed in the historical perspective using the US National Hurricane Center Best Track data since 1851. Future changes of tropical cyclone worldwide activity under a warmer climate projected using Global Climate Models (GCM) are reviewed in terms of tropical cyclone frequency, intensity, and tracks. The uncertainty associated GCM model projections is also summarized.
Hurricane Sandy (2012)
Hurricane Sandy formed as a tropical storm in the western part of the Caribbean Sea late in the 2012 hurricane season. As travelled northbound across the Atlantic Ocean toward the U.S. east coast, the storm strengthened into hurricane status intensity. Hurricane Sandy made landfall just a few miles southwest of Atlantic City, New Jersey at 2330 UTC 29 October, 2012 as a Category 1 hurricane on the Saffir-Simpson Hurricane Wind Scale with maximum sustained wind speed of 70 knots (80 mph) (Blake, et al., 2012) . With a minimum central pressure of 943 mbar at landfall, Hurricane Sandy is the second-lowest pressure of storm to make landfall in the Northeast U.S, just above the lowest pressure of 938 mbar recorded for the Long Island Express Hurricane in 1938. Though the sustained wind peaked at 80 mph to a Category 1 hurricane at landfall, the air was rising in Hurricane Sandy in a way similar to a Category 4 hurricane with a very low storm pressure, which strengthened the pressure-induced driving force for storm surge and caused flooding a big issue for this storm.
After its landfall near Atlantic City, New Jersey, Hurricane interacted with other weather systems including mid-latitude trough and began transitioning into extra-tropical cyclone with a big storm size. The tropical storm-force winds (sustained speed of 39-73mph) extended 485 miles from the storm center (NASA, 2012), compared to 300 miles from a storm center for typical hurricanes (NOAA, 1999) . Hurricane Sandy damage extended an area covering from the eastern Virginia to the New York City and up to southern New Hampshire.
Hurricane Sandy (2012) in historical context
An analysis of NHC best track historical hurricane tracks shows that Hurricane Sandy is not the first storm that took such an unusual path in the Mid-Atlantic or Northeast coast of US. In fact, in the past 120 years, there were at least four storms before Hurricane Sandy that took a similar path and made direct landfall to the Mid-Atlantic region (Figure 1 ). There were additional two storms that did not re-curve to a northeast direction as did the most storms in that region but did not make direct landfall in any of the Mid-Atlantic or Northeast States. The infamous 1938 hurricane belongs to such group. As evidenced in Figure 3 , the sea level near Battery Park, New York City, now becomes more than 8 inches higher than it was a century ago, at a pace of roughly one inch rise per decade. This sea level rise contributed to the record a 13.9-foot storm surge in New York City's Battery Park during Hurricane Sandy which coincided with a high astronomical tide. The rising MSL is expected to put the heavily populated northeastern US at greater hurricane storm surge risk. The problem will be exacerbated in places where land is also sinking, such as the mid-Atlantic region of the US. Studies have suggested that climate change is occurring and greater future warming is anticipated due likely to natural climatic variability and anthropogenic forcing (greenhouse gas emissions, etc.). However, uncertainty still remains on the magnitude of its impacts on the frequency and intensity of climate hazards such as tropical cyclones.
Research and data trends show that the overall frequency of tropical cyclones may actually decrease but the storms may become more intense in a warmer climate. Due to continuing mean sea level rise and increased storm intensity, tropical cyclone induced storm surge and inland flooding may become worse in both frequency and intensity and pose an ever-increasing storm surge risk to the coastal regions. The impacts could become devastating in the coastal regions like New York and New Jersey. Using Atmospheric Global Climate Models (AGCM) simulations with a mesh size of 20-km under the IPCC A1B scenario toward the end of the century, ensemble simulation results suggest that future change in 1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010 
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Local SSTs overall hurricane activity in North Atlantic basin in a warmer climate is shown statistically insignificant. However, it is likely that a probability of hurricane landfall over the southeastern United States may reduce and in contrast the landfall hurricane activity in Northeastern United States may actually increase (Murakami and Wang, 2010) . In the same projected warmer climate, overall typhoon activity in the Western North Pacific could remain the same or even be reduced. But typhoons in a warmer climate tend to re-curve and move north and northeastward that may enhance the chances of typhoons hitting Japan islands. The number of typhoons approaching or making landfall to the coastal regions of Southeast Asian countries and China may reduce (Murakami, et al., 2011) . For North Indian Ocean tropical cyclones, AGCM models do not project any significant change in terms of tropical cyclones frequency in the basin. However, models suggest a substantial increase by as much as 46% in over the Arabian Sea and in contrast a decrease by as much as 31% in the Bay of Bengal (Murakami et al., 2013) .
Conclusions
Hurricane Sandy is not so unusual in terms of both storm path and intensity. Hurricane Sandy's extreme and unusual impacts were likely a combination of several factors including a rise in sea level, low storm central pressure, storm landfall location, storm path, high astronomical tide and vulnerability of coastal populations and infrastructure. Hurricane Sandy was likely affected by both climate variability and climate change.
AGCM model analyses have suggested that while the exact degree of impact may differ from basin to basin, the overall frequency of tropical cyclones may in general actually decrease but the storms tend to become more intense in a warmer climate. It is worthy pointing out that he uncertainty associated with the AGCM models remains high due to the limitation of the mesh size as well as the current understanding the climate system. On the other hand, the mean sea level was observed on the rise at the pace of one inch per decade on average. Due to continuing mean sea level rise and increased storm intensity, tropical cyclone-induced storm surge and inland flooding will become worse in both frequency and intensity and pose an ever-increasing storm surge risk to the coastal regions. Regardless of the actual cause for the mean sea rise and unless there are convincing evidence that the rising trend will be reserved, governments and societies need to prepare to mitigate the increasing storm surge risk.
